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Outline

v' Optical spectroscopy

v' Fe-based superconductors
v 1. Hidden NFL in Ba;_,K,Fe,As,
v' 2. FL-NFL-FL crossover in LiFe, ,Co,As

v' Weyl semimetals
v' 1. Signatures of Weyl points in TaAs
v’ 2. Ultrafast dynamics in WTe,

v' Summary



Optical spectroscopy
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Reflectivity measurements
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Drude model
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Pump-probe ultrafast optical spectroscopy
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Fe-based superconductors




Fe-based superconductors

Mon-superconductive

= 26 K

LaFeAsO, ,F,

ional SCs

v’ Heavy fermions
v’ Cuprates

+—
-
Q
>
-
o
O
>

Metal -.\

ihara et al.
JACS 130, 3296 (2008)

v Fe-based SCs o

~g== Superconductor

soUE)SISaY

Tc Temperature

0K

4

112

2131

32522

.
i
S S
s
-
i i

-
Je
.

-
s
-
.
-
.
.

SRR e O WG S WRRRe i

-
-
-
-

.
-
.

-

.

:
.
i

-
i
.

-
-
-

i

.
.
:

. s =
B . -

L

-

-
=
- .
.
- Pty W
v L a
s
-
b
-

B
e
e ,fﬁ%ﬁmﬁ - L Ta A
- . %ﬂ%v% 2 \N\&%h%”m”

-
.

.

:
e
N

"
>x<.>x<
-

=
S

i
-

-
-

-

o
.
-

.

| v

-
-

f = TE

//vﬁw/

g

-

(Sr,V,0,)Fe,As,

JPSJ 82, 123702 (2013)

Katayama et al.

(Sr35¢,05)Fe,As,

.

Nat. Phys. 5, 787 (2009)



Band structure & Fermi surfaces

BaFezAs M. V. Sadovskii
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Bal22 phase diagram
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Non-Fermi liquid behavior
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Non-Fermi liquid behavior
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Hidden NFL in Ba, (K, ,Fe,AS,
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Dai et a/ PRL 111, 117001 (2013)
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Mechanism of NFL
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Mechanism of NFL
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Complicated phase diagram

v Magnetic order
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LiIFe, ,Co,As
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Reflectivity
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FL-NFL-FL crossover in LiFe, ,Co, AS
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FL-NFL-FL crossover in LiFe, ,Co, AS

Scattering rate vs temperature Dai et a/. PRX 5, 031035 (2015)
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FL-NFL-FL crossover in LiFe, ,Co, AS

Dai et a/. PRX 5, 031035 (2015)
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FL-NFL-FL crossover in LiFe, ,Co, AS

Quantum critical point? Dai et al. PRX 5, 031035 (2015)
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FL-NFL-FL crossover in LiFe, ,Co, AS
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FL-NFL-FL crossover in LiFe, ,Co, AS

Phase diagram Dai et a/. PRX 5, 031035 (2015)
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Weyl semimetals
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Weyl semimetals

Dirac equation (1928)

Dirac equation (original)
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Weyl semimetals

v' Optical signatures of WSMs?

v' Mechanism of the MR?

v' Experimental evidence for the chiral
anomaly?

TOP 10 v Mechanism of the MR sign change?

BREAKTHROUGH

v' Tunable electron-phonon coupling?

v Magnetic field-driven Dirac-Weyl
Transition?

v Electronic applications?



Optical properties of WSMs: Theory

Burkov and Balents PRL 107, 127205 (2011) Hosur et al. PRL 108, 046602 (2012)
Timusk et a/. PRB 87, 235121 (2013) Ashby et al. PRB 89, 245121 (2014)
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Optical spectroscopy of TaAs

Xu & Dai et a/ PRB 93, 121110(R) (2016)
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Optical spectroscopy of TaAs

Xu & Dai et a/ PRB 93, 121110(R) (2016)
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Optical spectroscopy of TaAs

Xu & Dai et a/ PRB 93, 121110(R) (2016)
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Optical spectroscopy of TaAs

Xu & Dai et a/ PRB 93, 121110(R) (2016)
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MR (% x105)

Extremely large MR In WTe,

ugH M)
Ali et a/ Nature 514, 205 (2014)

MR = 1.3X107% (0.5 K: 60 T)

Application in electronic devices
v Magnetic sensors
v' High-speed hard drives

Electronic cooling: Time scales?
Mechanisms?

Fundamental physics
v Mechanism of large MR

Ultrafast dynamics?



Ultrafast charge dynamics in WTe,

Dai et a/. PRB 92, 161104(R) (2015) (Editors' Suggestion)
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Ultrafast charge dynamics in WTe,
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Ultrafast charge dynamics in WTe,
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Summary
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